Since Kumakai et al. 1 reported viable synthetic routes on p-tert-butylthiacalixarenes in 1997, this class of macrocyclic ligand has attracted considerable interest as an alternative to 'classic' calixarenes 2 by providing sites for functionalization not only on the aromatic rings but also on the bridging sulfur atoms. Thiacalixarenes possess additional coordination sites and the cavity dimensions are increased compared with analogous calixarenes. Unlike calix [4] arenes, thiacalix[4]-arenes show affinity for transition metal ions because the sulfur atoms in the calixarene framework take part in the metal ion complexation. 3 For this concern, syntheses of several 1,3-thiacalix[4] biscrown derivatives, the first representatives of crown ether-bridged compounds in the thiacalixarene series were reported. Our synthesis began with para-tert-butylphenol which was cyclized with sulfur molecule (S 8 ) to give a para-tertbutylthiacalix[4]arene (1) 3 as shown in Scheme 1. Dealkylation using AlCl 3 in phenol provided a thiacalix[4]arene (2) in moderate yield. Subsequently, 1,3-alternate thiacalix-[4]biscrown-6 (3) was synthesized from the reaction of the thiacalix[4]arene (2) with ditosylate of tetraethyleneglycol in the presence of K 2 CO 3 .
5 Oxidation of 3 with 5 equiv of NaBO 3 /AcOH produced tetrasulfonylcalix[4]biscrown-6 (4) in 33% yield. The conformation of 3 and 4 were confirmed by X-ray diffraction (Figures 1 and 2 ). Both 3 and 4 were crystallized in the tetragonal and their space group are I4 1 and P4 2 2 1 2, respectively. The thiacalix-[4]arene platform in both A and B molecules is in the 1,3-alternate conformation. Except for the sulfonyl oxygen atoms, both compounds are isostructural and have a pseudo 4-fold rotationre-flection (S 4 ) axis. Consistent with this symmetry, the facing benzene rings are relatively parallel to each other and the adjacent benzene rings lie above and below the plane defined by the four sulfur atoms. The pseudo S 4 symmetry also reasonably depicts the overall perpendicular orientation of two cyclic ether moieties above and below the sulfur planes. Regarding the distance between two facing benzenes, which is quite related to the π-cesium complexation, tetra-sulfonyl-thiacalix[4]biscrown-6 (4) was of shorter distance with 4.088 Å than the thiacalix-[4]biscrown-6 (3) (5.023 Å) as shown in Figure 1 and 2.
Extractabilities (E %) of 3 and 4 toward Na , and Pb 2+ were determined by twophase picrate extraction and the results are summarized in Table 1 . Both compounds gave lower extractabilities than the conventional 1,3-calix[4]biscrowns. 6 For tested cations, compound 3 shows a cesium ion selectivity, probably because the crown-6 ring and two aromatic benzene rings (π-metal complexation) participated in the metal ion complexation. For 4, however, the binding ability for cesium ion diminished. Lower extractability of tetrasulfonyl-calix-[4]biscrown-6 toward Cs + ion is due to the fact that a distance between two facing benzene rings of the tetrasulfonylcalix[4]biscrown-6 (C4-2 to C4-8 = 4.088 Å) was shorter than that of thiacalix[4]biscrown-6 (C3 to C3-2 = 5.023 Å) to give an insufficient space to the π-Cs + ion complexation (see Figures 1 and 2) .
Experimental Section
Synthesis. Compounds 1-3 were prepared following procedures reported in literature. (3) and sodium perborate tetrahydrate (0.42 g, 2.72 mmol) in chloroform (50 mL) and acetic acid (80 mL) was stirred at room temperature for 10 h. To the reaction solution were added 100 mL of CHCl3 and 100 mL of 10% aqueous NaHCO3 solution. The organic layer was separated and dried over MgSO4. Removal of the organic solvent in vacuo gave a white solid. Purification by column chromatography using ethyl acetate/hexane (1 : 1) as eluents gave 4 as a white solid. Yield 33%. Mp 289.4-293. Two-phase extraction. All solvents and inorganic compounds were purchased from Aldrich Chemical and Prolabo. Metal picrates were prepared by reaction of picric acid with the appropriate metal carbonate. 6 Liquid-liquid solvent extraction experiments were performed by contacting an aqueous solution (2.0 mL) containing the metal picrate (0.20 mM) and a chloroform solution (2.0 mL) of the ligand (0.10 mM) with shaking for 30 min at 25 o C. The concentration of picrate anion extracted from the aqueous phase into the organic layer was determined by UV spectrophotometry (λ max =373 nm). Three independent experiments were carried out for each combination of ligand and metal picrate.
Solid-state determination. Both single crystals of 3 and 4 were obtained by slow evaporation of CH 3 OH/CH 2 Cl 2 (1 : 9). All X-ray data were collected with the use of a Siemens P4 diffractometer equipped with a Mo X-ray tube and a graphite monochromator. The orientation matrix and unit-cell parameters were determined by the least-squares analyses of the setting angles of 28 reflections in the range 10.0º < 2θ < 25.0º. Three check-reflections were measured every 100 reflections throughout data collection. Intensity data were empirically corrected for absorption with ψ-scan data. All calculations were carried out with the use of SHELXTL programs. 
